Purpose Distress and reduced quality of life (QOL) are common among people with cancer. No study has compared these variables after breast cancer diagnosis to pre-cancer diagnosis levels. Methods Data on women with breast cancer 50 years of age or older (n=6949) were analyzed from the Women's Health Initiative (1993Initiative ( -2013. Health-related QOL (physical function, mental health) was measured using Rand-36. Depressive symptoms were measured with the six-item Center for Epidemiologic Studies Depression scale. Assessments occurred before and after the cancer diagnosis. Hierarchical linear modeling compared pre-cancer QOL and depressive symptoms to levels post-diagnosis and tested whether pre-cancer physical activity, stressful life events, sleep disturbance, and pain predicted post-diagnosis outcomes. Results Compared with pre-cancer levels, depressive symptoms increased (20.0 % increase at 0-6 months, 12.9 % increase at 6-12 months), while physical function (−3.882 points at 0-6 months, −3.545 at 6-12 months) and mental health decreased (−2.899 points at 0-6 months, −1.672 at 6-12 months) in the first year after diagnosis (all p<.01). Depressive symptoms returned to pre-cancer levels after 10 years, but QOL remained significantly lower. At more than 10 years post-diagnosis, physical function was 2.379 points lower than pre-cancer levels (p < 0.01) while mental health was 1.922 points lower (p<0.01). All pre-cancer predictors were associated with all outcomes. Pain predicted uniquely greater decreases in physical function post-diagnosis. Conclusions Depressive symptoms increased and QOL decreased following breast cancer diagnosis compared with pre-cancer levels, particularly in the first year. Implications for Cancer Survivors QOL may remain lower for years after breast cancer diagnosis, although decreases are small.
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Introduction
Breast cancer is a stressful experience [1] and can lead to elevated levels of depressive symptoms and lower quality of life (QOL) [2] . Several meta-analyses [3, 4] have documented elevated levels of depressive symptoms and higher prevalence of major depressive disorder in people with cancer compared with rates reported in the general population. Subclinical depressive symptoms are more common after breast cancer than a diagnosis of major depression, although care must be taken in measuring these symptoms due to overlapping somatic symptoms of depression and cancer treatment [5, 6] . Depressive symptoms adversely affect physical functioning and adherence to medical care [7] and are related to increases in inflammation in cancer populations [8, 9] . Depressive symptoms in people with cancer also are related to increased mortality [10, 11] , indicating that the comorbidity of depressive symptoms and cancer represents a substantial public health problem for people with cancer.
One notable absence in the literature is epidemiological studies comparing depressive symptoms and QOL before and after breast cancer diagnosis. Currently, nearly all studies compare women with breast cancer to either women without cancer [12] or women with benign findings on a second mammogram or biopsy [13] . One problem with this line of research is that there may be differences between women who do and do not develop breast cancer, which could affect level of depressive symptoms and QOL such as higher levels of symptoms before diagnosis. However, while research has supported depression as a risk factor for non-cancer diseases [14] , research findings indicating depression and stress as risk factors for incident cancer have been mixed [15, 16] , so it is unclear whether women who develop breast cancer differ from those who do not on depressive symptoms and QOL. Another alternative may be to ask women to report symptoms retrospectively before the cancer diagnosis, but this may be confounded by recall bias. A study that assesses pre-cancer diagnosis levels of distress would be ideal to determine whether depressive symptoms and QOL change after cancer diagnosis compared with pre-cancer levels. Only one study examined QOL in 26 women with breast cancer before and after the diagnosis and compared them to healthy controls [17] . This study found that women who developed incident breast cancer had lower QOL than controls after diagnosis and lower QOL compared with their pre-cancer levels. Comparing depressive symptoms and QOL after cancer diagnosis to pre-cancer levels would help inform whether the cancer diagnosis itself elevates depressive symptoms and lowers QOL and whether women with cancer can expect these sequelae to return to their pre-cancer levels. Whether they can expect these symptoms to return to the pre-cancer state may be a question that many women with breast cancer will have. The Women's Health Initiative (WHI) Observational Study and Clinical Trials provide a unique opportunity to compare pre-cancer depressive symptoms and QOL to post-diagnosis levels in women with incident breast cancer. We chose these particular outcomes, depressive symptoms and QOL, as previous research has frequently compared women with breast cancer to non-cancer controls on these outcomes both in the WHI [18] and in other studies [19, 20] . Our aim was to extend this research by using pre-cancer levels as a comparison instead of healthy controls. In the prior WHI study, crosssectional data from the baseline assessment of the WHI Observational Study compared women with a history of breast cancer to women without a history of cancer at study entry [18] . This study found that breast cancer survivors had lower QOL and more depressive symptoms than women without a history of cancer. The current study extends this work by examining changes in depressive symptoms and QOL in women who develop incident breast cancer during followup. As the baseline/screening visits occurred before women developed breast cancer, this dataset provides a unique opportunity to examine depressive symptoms and QOL before and after the breast cancer diagnosis in a large cohort of women. We hypothesized that depressive symptoms would increase and QOL would decrease compared with pre-cancer levels. We also examined associations of different pre-cancer predictors on depressive symptoms and QOL in women with breast cancer. These predictors included age, physical activity, stressful life events, pain, and sleep disturbance. We hypothesized that less physical activity, more stressful life events, more pain, and more sleep disturbance would be related to more depressive symptoms and worse QOL.
Methods

Participants
The WHI Program started in 1993 and originally consisted of two major components: the Clinical Trials and the Observational Study [21] . A diverse study population of postmenopausal women aged 50 to 79 years was recruited from 40 clinical centers across the USA to participate in the WHI (n=161,808). After 2005 when the first phase of the program ended, all women who remained alive and under active surveillance were reconsented for participation in two Extension Study (ES) phases from 2005 to 2010 (n=115,400 who consented to ES1) and then from 2010 to 2015 (n=93,500 who consented to ES2). Of the initial 161,808 women in the WHI, 10,348 were diagnosed with breast cancer during the study through September 2013. See Fig. 1 for a flow chart of which participants were included in the current study. Breast cancer diagnosis was centrally adjudicated. We limited our sample further to those who were initially cancer-free upon study entry, developed non-metastatic breast cancer over the follow-up period as the cases of self-reported metastatic disease were limited (n=106), did not develop another type of cancer over follow-up (second primary), and survived until 2012, when the most recent data collection of depression and QOL began. This most recent data collection occurred 13-19 years after baseline. Women were retained if they reported other medical conditions at baseline. In total, 7061 women were eligible, and 6949 with complete data on covariates and at least one measurement of the outcomes (depression and QOL) were included in the study. Overall rates of missing data on covariates were low (range 0 to 6.2 %) except for HER2neu status (19.7 %) which was likely due to Herceptin being introduced in 1998, 5 years after the start of the study.
Procedures
Women completed questionnaires at study entry and at varying times after baseline, either through the mail or by telephone, as needed. In the Clinical Trials, women completed the depressive symptoms and QOL measures at baseline, and approximately 1, 3, 6, and 9 years later. In the Observational Study, women completed the depressive symptoms and QOL measures at baseline and 3 years later. Participants in both studies who participated in the extension studies completed the measures again 13 to 19 years later. These analyses are based on a total of 6949 WHI women with incident breast cancer (n=2948 from the Clinical Trial program and n = 4001 from the Observational Study), of which 797 were assessed in the first year after diagnosis.
Outcome variables
Depressive symptoms We used the six-item short form of the Center for Epidemiological Studies Depression scale (CESD-SF; [22] ). Participants rated each item on a 0 (rarely) to 3 (most or all the time) scale. One item, enjoying life, is reverse-scored before all six items are summed to create total scores ranging from 0 to 18. Higher scores indicate more depressive symptoms with a score of 5 indicating elevated distress. This short form was particularly well suited to examining depressive symptoms in women with cancer because it only contains one somatic item (sleep disturbance). Cronbach's alpha at baseline for this sample was 0.65. We used both a continuous score and a dichotomous variable (elevated distress yes/no) in the analyses. Because the continuous measure of depressive symptoms was positively skewed, we used a natural log transformation before analyzing the depressive symptom measure.
Quality of life QOL was measured with two of the eight subscales of the Rand-36 [23] . For physical QOL, we used the physical function subscale that asks participants to rate their level of limitation in performing 10 tasks (e.g., walking a block and climbing stairs). For mental health QOL, we used the mental health subscale that asks participants to rate how often they felt certain emotions (happy, blue) on a 1 (all the time) to 6 (none of the time) scale. Positive items for the mental health subscale are reverse-scored. Scores for both the physical function and mental health subscales are standardized so scores range from 0 to 100 with higher scores indicating better function. Pre-cancer predictor variables A series of four protective and risk factors were examined as predictors of depressive symptoms and QOL. These variables have been related to depressive symptoms and QOL in previous studies [24] [25] [26] [27] and were measured throughout WHI using consistent measurement tools, allowing us to choose the measure closest to cancer diagnosis. To avoid analyzing measurements made while women were undergoing diagnostic procedures and experiencing symptoms shortly before diagnosis, the predictor measurements were taken more than 6 months before diagnosis, but otherwise the closest measures to breast cancer diagnosis were selected for analysis.
Physical activity Physical activity was assessed using a questionnaire that queried women about the duration and frequency of their physical activity at various intensities [28, 29] . Total Met-hours per week of physical activity were then calculated from mild, moderate, and strenuous exertion and from walking.
Stressful life events Stressful life events (SLEs) were measured by counting the number of stressful life events a participant reported in the year prior to baseline. Participants were asked to indicate if any of 11 events (e.g., ill spouse, relationship breakup, and financial problems) had occurred. A total score of number of life events was used.
Sleep disturbance Sleep disturbance was measured using the five-item WHI Insomnia Rating scale [30] . Item content included waking up during the night and trouble falling asleep. Participants indicated how often they experienced each symptom in the past 4 weeks on a scale of 0 (not experienced) to 4 (more than 5 times per week). Total scores ranged from 0 to 20, and higher scores indicated more sleep disturbance. Cronbach's alpha for this sample at baseline was 0.78.
Pain Pain was measured using the Rand-36 pain subscale [23] . This scale has two items, one about level of pain and the other about pain interfering with activities. Level of pain is rated on a 0 to 5 scale, and pain interference is rated on a 1 to 5 scale. The total score is standardized so scores ranged from 0 to 100 with higher scores indicating less pain and better functioning.
Covariates Socioeconomic status was assessed by self-reported level of both education and income at baseline. We dichotomized education into women with a bachelor's degree or higher and women with some college or less. Income was categorized into those with a family income of $35,000/year or greater, those with less than $35,000/year, and unknown income. These groups were chosen based on the median income at the time the data collection started in 1993. Race/ethnicity was categorized as black/African-American, Asian-American, Hispanic-American. Body mass index (BMI) was calculated as weight (kg)/height (m) 2 as measured at baseline. A variable indicating participation in the Clinical Trials or Observational Study was also included as a covariate. Breast tumors were characterized according to stage (localized or regional with in situ as the reference), estrogen receptor (positive/not positive) and progesterone receptor (positive/not positive) status, and HER2neu receptor status (positive/not positive or not tested). Surveillance, Epidemiology, and End Results (SEER) second edition staging was used to code stage [31] . Breast cancer treatment data were not routinely collected for incident cancers in WHI.
Statistical analyses
Due to the nature of the data (assessments at varying years nested within participants) and missing data, we used hierarchical linear modeling (HLM) and generalized estimating equations (GEEs) to analyze the data. Years calculated from days since randomization (Clinical Trial participants) or enrollment (Observational Study participants) were nested within participants. Depressive symptoms (CESD-SF) and the QOL variables (physical function, mental health) were the dependent variables for the HLM, and whether participants were above the CESD cut-point was the dependent variable for the GEE. All models included cancer stage, ER/PR status, HER2neu status, study arm, education, income, age, BMI, and ethnicity as covariates. An autoregressive covariance structure was used, and random intercept and linear effects were included in all HLM models. The GEE used a binomial distribution with logit link function. The following categories were used to code time since cancer diagnosis at each assessment based on significant events along the course of cancer survivorship: (1) more than 6 months before cancer diagnosis (reference category, pre-cancer levels); (2) less than 6 months before cancer diagnosis-diagnostic period because of undergoing diagnostic tests, possibly having symptoms; (3) 0 to 6 months after cancer diagnosis-acute stress from diagnosis and undergoing treatment; (4) 6-12 months after cancer diagnosis-finishing treatment; (5) 1 to 2 years after diagnosis-finished treatment and possibly longer time between oncology follow-up appointments; (6) 2 to 5 years after diagnosis-longer time between oncology follow-up than during acute treatment but still have risk of recurrence; (7) 5 to 10 years after diagnosis-risk of recurrence decreases; and (8) more than 10 years after diagnosis-risk of recurrence decreases further. Similar categories have been used in studies of distress after cancer diagnosis [32] . Using the pre-cancer category (more than 6 months before cancer diagnosis) as the reference allowed us to compare depressive symptoms and QOL after the cancer diagnosis to levels reported by women before the diagnosis and likely before any diagnostic procedures. Age was time varying and continuous so that age at each assessment reflected the participant's actual age and not age at study entry. For stressful life events (0.6 % missing), physical activity (4.3 % missing), and sleep problems (0.5 % missing), linear interpolation was used to impute missing data.
The first set of analyses examined time since diagnosis as the primary predictor of interest. For each of the outcomes (depressive symptoms from CESD-SF and CESD cut-point; physical function QOL; mental health QOL), models were constructed evaluating time since diagnosis in the categories described above and controlling for the covariates listed above. Plots of residuals were examined to assess normality for the HLM. As a natural log transform was used on depressive symptoms, the antilog of the coefficients was taken to determine the percentage change from pre-cancer levels.
Using parallel methods, the second set of analyses examined age and potential predictors for depressive symptoms (being above the CES-D cut-point) and QOL after cancer diagnosis. Models were constructed for each outcome adjusting for the covariates listed above. For the predictors (physical activity, stressful life events, sleep disturbance, and pain), both main effects and an interaction with first 12 months after diagnosis were entered into the model. We also tested main effects and an interaction for time-varying age. The interactions tested whether pre-cancer values on the predictors and age interacted with the acute stress of cancer diagnosis in predicting higher or lower depressive symptoms and QOL in the year after cancer diagnosis. The year after cancer diagnosis was chosen because this time period is when depressive symptoms tend to be highest following cancer diagnosis [33] .
Results
Descriptive statistics are reported in Table 1 . Consistent with women recruited for WHI, the average participant was 62.7 years of age at baseline. Most participants were married (65.9 %) and had yearly family incomes over $35,000 per year (61.0 %). At baseline, women reported few depressive symptoms (mean 2.20 out of a possible score of 18) and reported good QOL as measured by the physical function (mean 82.8) and mental health (mean 79.9) subscales of the Rand-36. These values were slightly higher than for the overall WHI sample (78.66 for physical function and 79.02 for mental health). Women were diagnosed with breast cancer an average of 6.8 years after baseline.
Time since diagnosis
Results for analyses examining time since diagnosis showed that women experienced an increase in depressive symptoms after breast cancer diagnosis (see Fig. 2 ). In the diagnostic period (0-6 months before diagnosis), women did not experience a significant change in depressive symptoms compared with pre-cancer levels (more than 6 months before diagnosis; p>0.05). However, during the first year after breast cancer diagnosis, depressive symptoms significantly increased compared with before the diagnosis (all p<0.01). (For regression coefficients and sample sizes at each time since diagnosis category, see Supplemental Materials.) All values reported in the text for depressive symptoms are the antilog and reflect the actual units of the scale. During the first 6 months after diagnosis, depressive symptoms increased by 20.0 % while symptoms increased by 12.9 % in the second 6 months after diagnosis compared with before the cancer diagnosis. Mental health decreased by 2.899 points in the first 6 months and by 1.672 points in the second 6 months post-diagnosis, compared with pre-cancer levels. Depressive symptoms did not significantly differ from pre-cancer levels during the first to second year after diagnosis (p>0.06). Depressive symptoms continued to remain significantly higher than pre-cancer levels until more than 10 years after diagnosis, at which point symptoms did not significantly differ from pre-cancer levels (p= 0.21). Between 2 and 5 years post-diagnosis, depressive symptoms increased by 6.1 % compared with pre-cancer levels (p<0.01), and between 5 and 10 years post-diagnosis, symptoms increased by 5.3 % (p<0.05).
Although depressive symptoms continued to remain elevated, odds of reporting symptoms above the CESD cutpoint remained elevated only in the first year after diagnosis. In the 6 months preceding diagnosis, there was not a significant increase in odds of being above the CESD cut-point compared with before the cancer (p=0.089). Women in the first 6 months after diagnosis had higher odds of being above the CESD cut-point (odds ratio (OR)=1.612, confidence interval (CI) 1.251, 2.077, p < 0.001) as did women in the 6 to 12 months after diagnosis (OR =1.473, CI 1.159, 1.872, p=.002). Following the first year after diagnosis, odds of reporting symptoms above the cut-point were not significantly different compared with before the cancer (all p>.07).
Women experienced a decrease in QOL in the first year following cancer diagnosis that remained through the postdiagnosis period. In the first year after breast cancer diagnosis, physical function and mental health (QOL) significantly decreased compared with before the diagnosis (all p<0.01). Mental health QOL was not significantly different from precancer levels during the first to second year after diagnosis (p>0.06). Mental health continued to remain worse than precancer levels even more than 10 years after diagnosis where mental health was 1.922 points lower than pre-cancer levels (all p<0.01). However, the decreases for mental health were somewhat small, ranging from 1.268 to 2.899 points lower than pre-cancer levels on the 0-100 scale of the Rand-36. Physical function remained significantly lower than pre-cancer levels after the cancer diagnosis, including more than 10 years later when physical function was 2.379 points lower than pre-cancer levels (all p<0.05). Between diagnosis and 10 years after diagnosis, the decreases for physical function ranged from 2.077 to 3.882 points lower than pre-cancer levels on the 0-100 scale of the Rand-36.
Results are graphically displayed in Fig. 2 for continuous outcomes. The first graph shows that depressive symptoms are, on average, highest in the first few months after diagnosis, but these symptoms eventually return to pre-cancer levels. The second graph depicts a sharp decline in physical function after cancer diagnosis and physical function then levels off while still remaining lower than pre-cancer levels. The third graph depicts mental health, or emotional functioning, and similar to depressive symptoms, mental health worsens in the first few months after diagnosis and eventually returns to pre-cancer levels. However, unlike for depressive symptoms, the small differences in mental health 10+years after diagnosis are still significantly different from pre-cancer levels.
Pre-cancer predictors
Analyses examining the role of baseline protective and risk factors are reported in Table 2 . Overall, several variables were associated with depressive symptoms, symptoms above CES-D cut-point, physical function, and mental health when entered simultaneously. However, only pain had unique effects during the first year following cancer diagnosis, indicating an interaction with the acute, post-diagnosis stress. Physical activity, stressful life events, pain, and sleep disturbance were all significantly associated with the four outcomes (all p<0.01) such that more physical activity, fewer life events, less pain, and less sleep disturbance were associated with fewer depressive symptoms, lower odds of being above the CES-D cutpoint, better physical function, and better mental health. For example, a 1-point increase on the Rand-36 pain scale (indicating improvements in pain) predicted a 0.337 point increase on the physical function outcome (range 0-100), or a 10-point increase on the pain scale would correspond to a 3.37 increase in physical function. Age was not significantly related to depressive symptoms (p=0.13) but did have significant associations with physical function and mental health (both p<0.01) and the CES-D cut-point (OR = 0.991, CI 0.983, 0.999, p=.026). Increasing age was related to worse physical function such that for each additional year of age, physical function declined 0.580 points, and for each additional 10 years, increase in age physical function declined 5.80 points (range 0-100). Conversely, increasing age was related to better mental health such that for each additional year of age, mental health improved 0.098 points, or for each additional 10-year increase in age, mental health improved 0.98 points (range 0-100). Having more pain before cancer predicted worse physical function in the 12 months after cancer diagnosis (p<0.01); no other interaction was significant.
Discussion
This study examined depressive symptoms and QOL in women from the WHI who developed incident breast cancer. Compared with pre-cancer levels, women reported more depressive symptoms and worse physical function and mental health and had higher odds of elevated depressive symptoms in the year following breast cancer diagnosis. While both depressive symptoms and mental health recovered between the first and second year after diagnosis, both continued to remain significantly lower after the second year following breast cancer diagnosis (although the decrease for mental health and increase for depressive symptoms were small). However, after more than 10 years after diagnosis, depressive symptoms eventually returned to pre-cancer levels. Physical function after diagnosis remained consistently lower than pre-cancer levels although these changes were small. All four precancer factors examined (physical activity, stressful life events, sleep disturbance, and pain) were significantly related to depressive symptoms, physical function, and mental health over the course of the study. However, only pre-cancer pain predicted particularly low physical function in the first year following cancer diagnosis. Age was positively related to mental health, negatively related to physical function, and unrelated to depressive symptoms.
Results showing an increase in depressive symptoms and reduced QOL following breast cancer diagnosis are consistent with previous work. Studies that followed women with breast cancer from diagnosis through several years after diagnosis have found that distress tends to be highest right after diagnosis, during the first year, and then decreases [33, 34] . Previous studies on QOL have shown acceptable levels of QOL in long-term survivors of breast cancer although women may have specific areas of concern such as physical function and sexuality compared with healthy controls [35] [36] [37] and a significant minority still experience elevated distress [38] . This is consistent with our findings that depressive symptoms are elevated and QOL decreased in the first year, compared with before the cancer diagnosis. For physical function, although the predicted levels continued to be lower during all postdiagnosis periods, it is possible this was due to normal aging or other comorbid conditions and not necessarily from the cancer and cancer treatment.
While the four predictors examined were related to depressive symptoms and QOL overall, few protective and risk factors predicted even higher depressive symptoms and worse QOL in the year after breast cancer diagnosis compared with pre-cancer levels. For physical function, pain predicted worse function in the year after diagnosis. Pain likely reflects a higher burden of comorbidity or somatic symptomatology experienced by these women when diagnosed with cancer. As pain was measured before the cancer diagnosis and was probably not due to cancer, women who are diagnosed with breast cancer and have pre-cancer pain conditions may be at particular risk for decreased physical function. However, it is important to note that our physical function QOL and pain measures were both from the Rand-36 questionnaire.
The other variables may not have predicted additional distress during diagnosis and cancer treatment for several reasons. Protective and risk factors were assessed at specific time intervals across the WHI, and given that factors were often assessed years before the cancer diagnosis, these factors may have changed. Also, these factors may generally predict levels of depressive symptoms and QOL as shown in our analyses but do not confer any additional risk or protection during a high stress period, such as after a cancer diagnosis. Physical activity, stressful life events, sleep disturbance, and pain were still generally predictive of all three outcomes, suggesting that these factors still confer some protection or risk, although the risk is not modified by a cancer diagnosis.
Although this study provides a unique contribution, several limitations are noted. First, participants were assessed on different schedules, and not every woman was assessed during the year after cancer diagnosis. Due to the measure of depressive symptoms, results likely do not apply to actual psychiatric diagnoses and, as only depressive symptoms and QOL were examined, results may also not apply to other psychological constructs such as anxiety. Occurrence of psychiatric conditions and treatment were not collected in the WHI, and we were unable to account for psychiatric comorbidity or incident psychiatric diagnoses. The experience of cancer can vary widely by cancer site, and results might not generalize to other sites such as prostate and lung cancer. We were also unable to examine other important predictors of QOL and depressive symptoms such as social support. Due to the smaller number of women who had data in the year after diagnosis, we were also unable to examine interactions of predictors for depressive symptoms and QOL. As with the overall WHI, this sample was diverse, consistent with the US population in the 1990 Census. However, due to the sample size, we were unable to stratify analyses by ethnic group. The study had several strengths including a large number of breast cancer survivors from diverse race/ethnicity and age groups with assessments before their cancer diagnosis and multiple outcome variables.
Conclusions
This study provides strong evidence that women experience increased depressive symptoms and decreased QOL especially in the first year following breast cancer diagnosis compared with their reported levels before cancer. While depressive symptoms can eventually decrease to pre-cancer levels, aspects of QOL may not completely return to pre-cancer levels. Cancer survivorship support should continue to be offered during the acute diagnosis and treatment phase for women who need support. Future research should continue to identify which women are most in need of additional support after diagnosis and continued screening for distress in women with breast cancer would be warranted, particularly during the first year after diagnosis.
